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I. IKTRODUCTION 
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Since the stw1y of HrnnrTcH in 194 7, it is generallγrecognized that the d句ot
fat of each species has a specific constitution. This fact of depot fat is not able to 
be explained completely bγreason of habit b~· which each species is foncl of to eat 
constant food in constitution. But it is considered that each species synthesizes a 
spεcific fat in its body, as it has besn believe〔lthat each species manufactures a 
spscific protein from the contant food. However it has also been known previously 
that the specific character of depot fat in each species is not ahγa~’S constant. 
For example, if a hungry dog is given a diet, which contains the subcutaneous 
fat of a sheep, his depot fat become to show a higher melting point than that of 
normal dogs. And since LONGENECKER (19;39) followed up the change of iodine 
value in d句。tfat by giving corn oil to fasting rats, there were many literatures 
concerning the change of depot fat constitution by giving di百erentkinds of food to 
various animals. In short, it does not seem so difficult to change the normal consti-
tution of the d句。tfat of an animal by giving fat more than certain extent，れもich
is not usually given to the animal. 
According to the recent experimental results by ScHOENHEIMER and RITTENBERG 
using deuterium and radioisotope, it is believed that d句ot fat is not stored, in 
stationary state, as it had been formeiヤ considered,but it is changing constantly 
and dynamicall>・. And so half of the d句otfat of an animal seems to be renewed 
in 6 or 7 davs. 
Adipose tissue has been shown to contain the desaturating enzyme of fatγ 
acids ！〕ySHAPIRO (1943), QuAGLIARIELLO (1947) and many other investigaters. 
λlrca向・ it has been shown that compound chemical changes, such as lengtheni11広
and shortening of the carbon chain or desaturating in the part of en' are 
performed in adipose tissue according to ScHOENHEIMER’s experiments using various 
kinds of fatty acids containing deuterium. 
On the other hand, it is almost clear that liver fat has man;iァ closerelation-
ships to depot fat considering the role which the liver pla~’s in fat metabolism. 
Therefore, when the cl>・namics of depot fat are discussed, li＼℃r fat should be 
analyzed at the same time. The analvsis of fatt~· acid constitution in fatty liver 
e~pecially seems to suggest many interesting problems. 
First of al, when depot fat i;> treated, variations from different parts of the 
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whole lrnl~· must 1>2 shrJwn, and at the same time it is ncccss却下 todi汀crcntiate
from co:nmon white adipJs2 ti明uc,th2 sp2cial adipose tissue which formerly was 
called “hibさmatinggland”or lir,mn fat, and to stud≫ the di古erencesbetween them. 
From this pJint of view, the following expsrimcnts ＼・ereperformed. 
It is considered logical to aJ)l1lγthe method of NoDA and HIRAYAMA’s fatt~· 
acid pap:r chromatograph~· as the method of an analyzing fat constitution because 
of the exactness and convenience of this method. 
I. EXPERIMENT人LMATERIALS AND ANIMALS 
A Experimental l¥fater包ls
1 Oils 
a) S：：~ヨ1112 oil : Sesame oil of .J P. S1〕ごcification
Pharmaceutical （、0.Ltd.). 
(supplied b~· DAINIPPON 
b) （旬。d Ii vcr oil : refined 
cod li vcr oil. 
c) Butter : Fresh butter 
made in Hokkaido, Japan. 
d) Simple gl；＞℃cride of 
lower fattγacids: Svnthesized from 
pure 1・3円12dg］ ~·cerinc, free caproic 
acid, ca11r~·lic acid and capric acid 
<.1sing zinc pm1・dc:r as the catalysE:r. 
The s~·nthesizing prnc:ss is shown 
in Table 1. 
2 Other materials 
a) CCI, solution for injec-
tion : Prepar℃d for injection as a 
5 % oli vc oil suspension, filling asep-
ti callγup to 1 cc in each ampulle. 
Table. I Synthesizing process of triglyceride 
Clycerine 1/2:.¥I ¥ 
Fatty acid 1 J i2M + lOg ~ Distilation flask 
Zink powder ) 
1) 150 111 Hg, 20G℃， 7 hours. 
2) 120 11m Hg, 24G'C, 3 r.our. 
Rough fat 
3) in 1、ュrmether 
Zink & Zink so却十一ト4)filtration 
! 5) 10% KOH alcohol 
I 6) filtration 
I 7) 96% alcohol 
↓8) c叫 to0 °C 
Triglyceride 
b) Ethionine solution for injection: Pure c1寸stalof DL『ethionine,supplied 
from TAKEDA Pharmaceutical （句＇l.Ltd., diss1lvこclin water, and neutralized b~· sodium 
carbonate and filed aseptically up to 1 cc in each ampulle as a 2.5% DL-ethionine 
water solution. 
c) Kercsenc : Petroleum hγdrocarbon was clistiled on the oil bath, and 
distillate of 170°C～185°C in it was collcclccl. Contaminations were removed by 
wa由ingwith conccntratこclsulfuric acid several times, then it w出 neutralizedwith 
sodium carbonate and the water was removed. 
d) Filt:r papsr for chromatography：‘＇ToYO" filtcrpaper No. 2 was used. 
e) Moving solvent of chromatography (;¥I.λ. P.). 
As the moving solvent, a mixLll'c of methanol, glacial acetic acid and kerosene 
(10: 2: 1.2 in volume) 1rns used. 
B Experimental Animals 
(1) C'.lnsidering the nature of experiment, healthy male rats, around 120 g 
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weight, were chosen as a representative omnivorous animal. (2) In the experiment 
of fatty liver by ethionine injection, female rats were used, because it is known that 
male rats do not get fatty livers from ethionine injection. (3) One group consisted 
of 5 rats, as a rule, in order to get a sufficient amount of fat for analysis and in 
order to average individual differences. (4) In the experiments of fatty liver following 
total pancreatectomy and analysis of adrenal gland, healthy adult dogs, weighing 
about 10 kg were used. 
II. EXPERIMENT AL METHOD 
A) Care of the Animals 
1. The diet was determined from Table 2 and Table 3, consideration being 
given to equal calories for each group and as much fat as possible, but not so much 
as to lessen the appetite or cause diarrhoe. 
2. The diets were labeled with low fat diet and fat diet. Fat diets were 
clasified, according to the kind of oil contained in each diet；問団meoil diet, cod 
!iv.er oil diet, butter diet and lower fatty acids diet. 
Table. 2 Composition of low fat diet Table. 3 Conwosition of fat diet 
Flour 
. Maize powder 
Casein 
Yeast 











cal/day about 44 cal. 










cal/day about 45 cal. 
fat content about 28% 
3. All oils were kept as pure and fresh as possible, and mixed into the 
foods without cooking. 
4. Animals were kept for one month under controlled conditions, with special 
attention being given to ventilation, temperature and cleanliness. 
B) Coloring Experiment of Depot Fat Following Per Oral Administration of 
Sudan II 
According to NI SHIMURA’s report (1956), when the rats were given sesame oil 
saturated with Sudan II, their white fat become pink but the brown fat was not 
colored at al, so it was easy to distinguish both adipose tissues. 
The experiment was performed repeatedly, and the results are shown in Table 
4. 
The a.dministered Sudan III was obviously absorbed not only by white but also 
by brown fat, but when only a litle Sudan III was given it seemed to be absorbed 
by white fat, because the pink color is more conspicuous in ・white than in brown 
fat When large amounts of Sudan III were given for long time, the brown fat 
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Table. 4 Coloring experiment of depot fat by per oral administration of Sudan JI[ 
after 5 days after 15 days 
white fat brown fat white fat brown fat 
A group pink unchanged red red 
B group pink unchanged red red 
C group unchanged unchanged unchanged unchanged 
A group : rat group fed on the diet containing s巴sameoil saturated by Sudan而
B group : rat group fed on the diet containing alcohol saturated by Sudan JlT 
C group : rat group fed on the diet mixed with non dissolved Sudan m 
naturally became red to0. 
In other words, when a small amount of Sudan III w出 given,even if it was 
absorbed by brown fat, it wa日not clear because coloration was hindered by the 
orginal brown color of the fat. 
And it was found that Sudan III is absorbed and deposited well in adipose 
tissue when it is dissolved not onlv in oil but also in alcohol. 
Because of these facts, it is advisable to mix Sudan III into the diet a few 
clays before killing the animals, in order to distinguish both adipose tissues. 
C) Accumulation of Materials 
1. "¥nimals were sacrificed b~’ bleeding under slight ether anaesthesia after 
fasting for 12 hours. Each organ was immediately taken out and divided according 
to Table 5, then weighed in the balance and put in BwoR’s solution. 
white fat 
Table. 5 Classification by divisions of materials 
( neck 
subuctaneous fat { breast (axillar, scapular, back) 
l loins (abdomen, thigh, periproctal) 
( large omentum 
abdominal fat イmesenterium
¥ retroperitoneal (around the kidney and genital organs) 
brown fat (axilar, scapular, paraaortic, around the kidney) 
1 liver 
2. White fat and brown fat were easily distinguished hγapplying Sudan 
II, but if brown fat was gathered forcedly from poorly located area it seemed to 
be apt to error by mixing with other tissues. So brown fat was collected only 
from richly located area. Of course it was impossible to divide it strictlγaccording to 
location, so naturally some errors could be found. But it is believed that analysis 
of man~ァ cases may give valuable 白nclings,so depot fat was divided according to 
Table 5. 
D) Extraction ancl Separation of Fatty Acid 
Each organ was complete！~· ground in a basin with sea sand and was heated 
for 60 minutes at about 60 ° C in BwoR’s solution ami曲 enin petroleum ether. The 
filtrate was concentrated by boiling under negative pressure, and saponi負cationwas 
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carried on for 3 hours by adding 1・N KOH alcohol. 
After removal of the non-saponifiable matter by washing in ethyl ether and 
petroleum ether several times, it was made acidic with 3・N.HCl, was accumulated 
in ether layer, and was washed with water and evaporated ether. 
The results were pure fatty acids. 
E) Determination of Neutralization Value 
It was determined by adding drops of 1/20-N KOH alcohol, using phenolphtha-
lain solution as an indicator. 
F) Determination of Iodine Value 
It was determined h’ adding drops of 1/20・N. Sodium thiosulfate (Wns’s 
method). 
G) Paper Chromatography 
Paper chromatography was done by using INOUE, NooA and HIRAYAMA’s method. 
Development was made on "Toyo”自lterpaper No. 2, as the parabromophenacylester 
2-4-dinitrophenylhydrazone of fatty acid, with M. A. P. being used as moving solvent 
and kerosene being used as stationary solvent. 
A starting line was penciled in 5～6 cm above the bottom of the paper, and the 
samples were spotted on the lines of the paper, and were uniformly sprayed with 
stationary solvent. The paper was rolled, and placed in the glass cylinder, which 
had been previous！~ァ 白Bed with the vapour of moving solvent. Then the bottom of 
the, paper was bathed in moving solvent and the starting line was 3 cm above the 
surface of the solvent. 
The chromatogram was developed by ascending technique at 30°C for 5～6 
hours. 
For the convenience of spot identification, a standard sample was developed on 
the same paper in parallel. The standard sample is the mixture of the derivatives 
of al the even numbered saturated fatty acids from C4 to C20. 
Furthermore, as an identi白cation of unsaturated acids, it was colored dark 
violet by spraying 0.1 % diphenylcarbazone solution on the paper. 
The spot identification is as follows. The number represents the carbon atoms. 
4 : butyric acid, 6 : caproic acid, 
8 : caprylic acid, 10 : capric acid, 
12 : lauric acid, 
16 : palmitic acid, 
20 : arachidic acid, 
LE : linoleic acid, 
DO: d侃 osenoicacid, 
HX : hexadecenoic acid, 
S : standard sample. 
14 : m~Tistic acid, 
18 : st白 ricacid, 
OL : oleic acid, 
LN: linolenic acid, 
EI: eicosenoic acid, 
HU: highly unsaturated acids, 
H) Fatty Liver Following Total Pancreatectomy 
Total pancreatectomy was performed on a healthy adult male dog weighing 
1.5 kg, and the dog was maintained for 36 days with insulin injections of 2 units 
per kg of body weight every day. Later on the dosage of insulin was reduced to 
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1 unit per kg of body weight every day, and the dog was sacrificed 48 days later 
and his liver was immediately taken out. 
By reducing the insulin dosage a remarkable increase in blood sugar and intense 
glucosuria were found in the animal. The liver was yellowish, and even macroscopi-
callsア fataccumulation was evident, a t~·pical fatty liver was shown microscopically. 
I) Acute Hepatic Injury Caused b~· CCL 
A 50% CCI, suspension was injected intramuscularly at the rate of 0.8 c per 
100 g body weight. The animals were sacrificed b~· bleeding 24 hours after injec-
tion, and the liver was taken out at once. At this time also fat accumulation was 
seen, and the picture of tsアpicalfattγliver was shown microscopically. 
J) Acute Hepatic Injury Caused b~’ Ethionine 
A 2.5% DL-ethionine solution was injected into the abdominal. cavity of the 
animals at the rate of 75 mg per 100 g bod~· weight. 
The necessary doses of ethionine were divided into 3 parts, which were injected 
at two and a half hour intervals. 
The animals were sacrificed by bleeding 48 hours after the initial injection and 
the liver was taken out. The liver also differed macroscopically from a normal one, 
and fat infiltration was found microscopically. 
IV. RESULTS 
A) Anal~ァsis of Each Oil Used in the Experiments 
The neutralization value and iodine 
value of the various oils used in ・the 
experiments are shown on Table 6. 
Table 6. Analysis of various oils using in 
the experiments 
The high neutralization value of 
butter suggests the existence of many 
lower fatty acids in the compositions of 
butter. Also the high iodine value of 
cod liver oil shows that it contains 
considerable amounts of unsaturated fa-
tt~· acids. 
sesame oil 








mixture I 322.0 





The neutralization value of a simple gl;yアceridemixture of lower fatty acids is 
naturally high, and is evident that it contains no unsaturated elements which means 
that iodine value is zero. 
The chromatographic analysis of these oils is seen in Fig. 1 and Fig. 2. Sesame 
oil contains common higher saturated fatty acids, such as myristic, palmitic, stearic 
and oleic acid, and furthermore contains large amounts of essential fatty acids 
(such as linoleic acid and linolenic acid), which are recentl:v・ proving to be important 
for body nutrition. 
On the other hand, cod liver oil, adding to these components, clearly contains 
large amounts of highly unsaturated acids (these having more than 4 double加nds),
docosenoic acid and eicosenoic acid. 
The characteristic components of butter are the lower fatty acids, such as 
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butyric, caproic, caprylic and capric acid. Therefore, the facts, which are presumed 
by neutralization value and iodine value, were clearly proven by chromatographic 
analysis. 
B) Comparison of Body Weight Increased by Various Diet Groups 
The increasing curve of average body weight from various diet groups is shown 
in Fig. 3. 








1 w 2 w ヲw 4 w 
It is difficult加 drawa definite conclusion from the curve of increased body 
weight because it is compoundly related to the appetite of animals which may be 
affected by the odor of the oils contained in the food and other conditions, related 
to the care of the animal. But it is clear that increased body weight of sesame oil 
diet group is excellent and this fact agrees with our colleague’s results. 
An increase in body weight of low fat diet group is not inferior to other fat 
diet groups after keeping them 1 month. 
C) Findings about the Location of Various Adipose Tissues and Their Fatty 
Acid Content 
In Table 7, the average weights of various adipose tissues are presented in 
percentage to these total body weight. 
Table. 7 The rate of various adipose tisues and liver to total body weight (%) 
white fat … liver large mesente-ret eri・ fat neck j breast / loins omentum j rium lton~~l 
low fat diet 0.68 1.17 2.89 0.56 1.15 2.68 0.64 4.04 
sesame oil diet 0.74 1.52 3.51 0.57 1.50 4.28 0.82 4.91 
cod liver oil diet 0.39 1.15 2.96 0.46 1.20 3.54 0.66 4.40 
buter diet 0.47 1.44 3.22 0.45 1.17 3.45 0.76 4.27 
In comparison with other groups, the highest development of depot fat was 
found in the sesame oil diet group. And so it is presumed that an excellent 
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increase in body weight in the se泊 meoil diet group depends chiefly on an increase 
of depot fat. 
The best development of d句otfat was seen at the loin and in the retroperito・
neal area of animals in al groups. 
It is interesting that the total weight of brown fat shows a fair constant 
rate in comparison to body weight. On the contrary, the location of white fat 
shows considerable individual di百erence.
According to these facts, evidence seems to be given to the opinion that brown 
fat is not simple depot fat but a special organ having a definite function. Through-
out al groups, the weight ratio of white fat to brown fat is 93 : 7.
The content of neutral fat in various adipose tissues and the liver is shown on 
Table 8. Neutral fat is the richest in abdominal fat and the poorest in brown fat. 
Brown fat is richer in man~· components except neutral fat than white fat, which 
agrees with FA wcETT’s opinion that “white fat is richer only in neutral fat”． 
D) Analysis of Depot Fat and Liver Fat of Low-Fat Diet Group 
Analysis was done on various adipose tissues and the livers of animals, after 
feeding them a low-fat diet for 1 month. 
A comparison of neutralization value and iodine value is shown in Table. 9. In 
this Table it is characteristic that no remarkable di百erencesare found between the 
Table. 8 Neural fat content in various adipose 
tisues in low fat diet group 
Table. 9 Analysis of various adipose tisues 





























subcutaneous fat 196.2 71.9 
abdominal fat 198.9 68.2 
brown fat 197.5 67.8 
liver 165.3 148.5 
kinds of adipose tissue. Liver fat shows a considerable low neutralization value and a 
very high iodine value. In this instance, chromatographic analysis (Fig. 4) showed 
that d句otfat contains common higher fat:yア acidssuch as lauric, myristic, palmitic, 
stearic, oleic and hexadecenoic acid and essential fatty acids. No particular differen・
ces were found between the kinds of adipose tissue. 
On the contrary, in liver fat, myristic, oleic and hexadecenoic acid appear les 
often than in cl句otfat, and lauric acid was scarcely found, but there was a con-
siderable amount of highly unsaturated fatty acid, which was not found in depot fat 
at al. These facts have been distinctly indicated by the neutralization values and 
iodine value日．
In a word, considerable di町erencebetween depot fat and liver fat is found, but 
di汀crcncescannot be found between various locations and kinds of adipose tissue by 
means of these analysis. 
And another interesting fact is that it seems to be synthc吋1,cd chiefly from 
carbohydrate in the daily food. 
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E) Analysis of Depot Fat and Liver Fat of Various Fat Diet Groups 
The same ana¥ysis were performed on the animals of various fat diet groups. 
A change of neutralization value is shown in Table 10 and Fig. 5. Also a change 
of iodine value is shown in Table 11 and Fig. 6. 
Table. IO Change of neutralization value in various diet group 
brown fat liver 
subcut. fat abdom. fat 
low fat diet 196.2 198.9 197.5 165.3 
sesame oil diet 193.7 194.6 195.3 173.4 
cod liver oil diet 190.5 192.5 191.7 170.1 
butter diet 205.5 207.2 203.3 173.8 
Table. 11 Change of iodine value in various diet group 
low fat diet 
sesame oil diet 






brown fat liver 
subcut. fat abdom. fat 
71.9 68.2 67.8 148.5 
105.2 107.l 103.5 151.2 
89.0 90.0 87.6 158.9 
63.8 64.4 61.7 146.6 
Fig. 5 
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A comparison of the neutralization values in d句otfat shows that the butter 
diet group had the highest value. The sesame oil diet group and cod liver oil diet 
group followed in order, but almost no changes were found in liver fat. 
Nevertheless, an increase of the neutralization value of d句otfat in butter diet 
seems to be comparatively litle, though the food contains much butter, the neutrali-
zation value of which is more than 230. 
As to change of iodine value in d句otfat, the sesame oil diet group showed the 
greatest increase, the cod liver oil diet group and butter diet group followed it. 
It seems illogical that the d句otfat of the cod liver oil diet group is found to 
have a lower iodine value than that of the sesame oil diet group, considering the 
fact that cod liver oil itself has a higher iodine value than sesame oil. 
And as to the liver fat, iodine value of each group was in the order of the 
iodine value of the oil contained in the diet. And throughout the al groups, it 
should not be missed that the iodine values of brown fat have a tendency to show 
a lower value than that of white fat. 
In order to explain these facts logically, the following chromatogram, which 
analyzed al the adipose tissues and the liver fat of various fat diet groups, is necessary. 
Fig. 7 is the chromatogram of the d句ot fat and liver fat of the sesame oil 
diet group, in which in comparison with low fat diet group no changes of fatty acid 
composition n℃re found except an increase of linoleic acid and linolenic acid. 
The remarkable increase of iodine value, in the depot fat of the se泊 meoil diet 
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group, may be due to the smooth transportation and deposition of linoleic acid and 
linolenic acid which are the chief components of sesame oil. 
From the view-point of resemblance of composition between sesame oil and 
depot fat, it is easily presumed that absorption, transportation and deposition of 
these components are smoothly performed. Chromatographic analysis in the cod 
liver oil diet group is shown in Fig. 8, in which we can find clearly that the in-
crease of a highly unsaturated acid, docosenoic acid and eicosenoic acid were found in 
the liver fat, but these acids showed only a faint shadow in the chromatogram of 
depot fat. For the following reason the iodine value of the cod liver oil diet group 
was not so high in d句otfat but higher than the sesame oil diet group in liver 
fat. The important components of cod liver oil such as highly unsaturated acid, 
docosenoic acid and eicosenoic acid were deposited in the liver accumulated, and 
therefore scarcely transported to d句otfat. 
The chromatographic analysis of the butter diet group is shown in Fig. 9. In 
this chromatogram, a proportional increase of myristic acid and lauric acid in d句ot
fat is comparable to an increase of the neutralization value of the group, but any 
trace of the deposition of lower fatty acids (les than Ci日）, which are characteristic 
components of butter, was not found in d句otfat. Furthermore in liver fat, not 
even an increase of myristic acid and lauric acid were found. 
In other words, it is considered that these lower fat:yア acidscould not stay in a 
living body for a long time by treating and burning immediately after absorption. 
But on the other hand, according to other research on the fatty acid composition 
of butter, it contains only 1～2% of these lower fatty acids. So it seems to be too 
early to draw conclusions about the movements of the lower fatty acids by experi-
ments using a butter diet. The following experiment was done. 
F) Analysis of Depot Fat and Liver Fat of the Lower Fatty Acids Diet Group 
In order b do research on the movements of lower fatty acids in a living body, 
it is necessary to give continuously a large amount of these acids. But natural fats 
are not suitable for this experiment, so one must be synthesized artificially. 
Free fatty acids can be received in many places but they are too stimulous句
give animals because of their high acidity. Then norトstimulativetriglyceride was 
synthesized by the method shown on Table 1, and this simple glyceride mixture of 
equal dosages of tricaproin, tricaprylin, and tricaprin was added to the animal’s 
food for 15 days. The same anal:yァsis was done for d句otfat and liver fat. The 
alternation of neutralization value is shwn on Table 12 and Fig. 10. In this case, no 
distinct changes were seen in liver fat, but on the contrary in the d句otfat an 
increase of neutralization value and a decrease of iodine value were found dailγ. In 
the chromatogram (Fig. 12), we could recongnize an appearance of the lower fatty 
acids in depot fat even after 5 days feeding, and distinct deposition of these acids 
was seen after 15 days feeding. 
In other words, it was clarified that if these lower fatty acids are given su伍・
ciently and continually, they are also transported into cl61〕otfat and deposited there, 
and they are not found in liver fat even 12 hours after feeding because of rapid 
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oxidation. 
G) Analysis of Liver Fat in Cases of Acute Hepatic Injury 
Through previous experiments, some findings on the e百ectsof exogenous fat on 























feeding うdays 15 days 
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Table. 12 Change of neutralization value in Table. 13 Change of iodine value in lower 
lower fatty acids diet group fatty acids diet group 
before after I after before a伽 Iaft 5 days 1 15 days 5 days 15 days 
subcutan巴ous 196.2 204.6 26.0 subcutaneous 71.9 60.6 56.5 fat fat 
liver 165.3 167.7 168.3 liver 148.5 150.2 146.4 
to be n配essaryto understand the mechanism of d句otfat mobilization. 
Previously a close relationship between d句otfat and liver fat was mentioned. 
It is presumed that the mechanism of fat mobilization may be clarified to certain 
extent by means of the analysis of liver fat in various cases of hepatic injurJァ or
in the case of a fatty liver, so the following experiments were performed. 
1) The Analysis of a Fatty Liver Following Total Pancreatectomy 
As above mentioned, the dog was maintained with insulin injection after total 
pancreatectomy and su百eredfrom diabetes by reducing the insulin dosis, and sacrificed 
48 days after operation. 
The analysis of the liver fat is presented in Table 14 and Fig. 16. The fatty 
liver, as it has been observed macroscopically and microscopically, contained 10 times 
the amount of fat, in comparsion with a normal liver. And increase of neutralization 
value and decrease of iodine value were characteristic findings. 
In comparison with a normal liver by means of chromatography (Fig. 16), a 
fatty liver showed a distinct increase of oleic acid and hexadecenoic acid, a consider-
able increase of common saturated higher acids, an appearance of lauric acid and 
also a clear decrease of highly unsaturated fatty acids. Referring to the chromato-
gram of the d句otfat of a normal dog (Fig. 14), the fat:yァ acid composition of a 
fatty liver clearly resembles that of d句otfat. 
Table. 14 Analysis of fatty liver following 
total pancreatectomy (dog) 
I fat con円（…lizationvalue I ioい alue
/o ! I 
normal liver I 0.8 ～ 2.1% I 160 ～ 176 I 124 ～ 151 
fatty liver I 24.6% I 187 I 95.5 
Table. 15 Analysis of liver fat in state of acute hepatic injury caused by ethionine and CC14 
normal liver 
acute hepatic injury 
by ethionine 
acute hepatic injury 
by CCl4 
fat content % I n印刷li.value [ iodine value 








2) The Analysis of Liver Fat in Acute Hepatic Injury Caused by the Admini-
stration of CC14 and Ethionine 
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The results are shown in Table 15, Fig. 15 and Fig. 16. An increase of the 
fat content, accompanied by an increase of the neutralization value and a decrease 
of the iodine value, were both found in hepatic injun', but these changes were les 
in degree, in comparison with a fatty liver following total pancreatectomy. 
Seeing these changes in chromatogram (Fig. 18 and Fig. 19), distinct increase 
of oleic acid and hexadecenoic acid, and slight trace of lauric acid were found. In 
these cases also the liver fat had a tendency to become resemble to d句otfat. 
According to the results of 1) and 2), it is considered that in an occurance of 
a fat:>' liver is probably proceeded by an increase of oleic acid and hexadecenoic 
acid and then a storing of common saturated higher fatty acids follows. And it is 
interesting to note that the appearance of lauric acid, which is never found in a 
normal liver, informates a disturbance of the oxidation mechanism in the liver. 
H) Addition: An Analysis of the Fatty Acid Composition of the Adrenal 
Body in the Dog 
The adrenocortical hormone is one of the steroid group, which is synthesized 
from cholesterol in the living body. And in order to play its physiological role in 
the living body, the cholesterol must be exist as a fatty acid ester. 
From such a point of view, the fatty acid composition of the adrenal凶dyin 
a normal dog was analyzed. 
A healthy adult dog, weighing about 10 kg was sacrificed by bleeding without 
anesthesia, and immediately the adrenal glands were taken out and analyzed by the 
same method. 
The adrenal gland contained 11.2% fat. It is remarkable that the adrenal 
gland was very rich in fat, in comparison with other parenchymatous organs. 
For example, a normal liver contains only about 2.5% fat. 
Chromatographic anal~·sis is shown in Fig. 17. 
The main characteristic of this chromatogram is its being rich in unsaturated 
components, especial!~· oleic acid and essential fatty acids (such as linoleic acid, 
linolenic acid and arachidonic acid) and poor in common saturated higher fatty 
acids and highly unsaturated acids. 
V DISCUSSTION 
It has been a well-known theory that fat is an ideal source of nutritions, 
because in comparison with carbohydrate or protein it has 2 times calories per 
weight and the lowest specific cl)・namic action value. 
But since there have been manγunknown factors in the metabolic process of 
fat and only the clinical danger of the overeating of fat has been emphasized, oral 
and parenteral nutritious supplements have not been actively investigated until! 
recent years. Recently the use of deuterium and radioisotope have brought remar-
kable advance in this field. 
The lipids in our dail~’ food are certain ！~· a complex mixture of neutral fat, 
free fatty acids, cholesterol, phospholipid and gl~·colipid, but most part of them is a 
triglyceride, which is a combination of various fatty acids and glycerine. And these 
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various fatty acids show di町erent physical and chemical natures according to the 
number of carbon atoms or their degree of desaturation. For example, in comparing 
the melting point, solubility in water or acidity, various differences are found. Consi-
dering these facts, it is naturally anticipated that when various lipids are uptaken 
in the living body, they will show several different reactions according to their fatty 
acid composition. 
But for a long time, the onlyア methodof analJアzingfatt~ア acid composition were 
the fractional-distillation method of the methvl ester of fatty acid or the fractional-
precipitation method of fatt~ア acid salt. Because it was di自cultto analyze fat easily 
and exactly using a small amount of material and because these complicated me-
thods had to be used, fatt｝ァ acid composition was indirectly presumed from its 
specific gravity, melting point, refractive index, neutralization value and iodine value. 
In anabγzing fat in the living body, such expessions as“fat having a low melting 
point”or“highlyア unsaturatedfat”were used and it was rare to discuss the subject 
using the exact name of each fatty acid. 
Recently many contributions have been made in this field by means of various 
sp2ctrum analysis, molecular distillation method and the analyzing method by urea 
derivatives. But according 加 recent progress of chromatography, many excellent 
methods for the analysis of fatty acid composition were published. Especially, as 
mentioned above, lNouE, NonA and HIRAYAMA’s“Microanalysis of Fatty Acids Mixture 
by Reversed Paper Chromatography" has aided our study. 
According to recent studies about fat absorption in the intestine by using this 
method, our colleague TAN clarified that al higher fatty acids are absorbed into 
blood stream through the thoracic duct, while almost al of the lower fattyア acids
are directly absorbed through the portal vein, as shown by the analysis of blood in 
the portal vein, and chyle in the thoracic duct after administering various kinds of 
natural oils. The possibility of having different reactions in the metabolic process 
after absorption according to the kind of fatty acid, was suggested by the fact 
that each fatty acid shows a different absorbing mechanism according to the chain 
length of the carbon atoms. 
Actually, AsADA and IzuKURA in our laboratory have used se回meoil emulsion, 
cod liver oil emulsion and S＼アnthetictriolein emulsion for oral and intravenous admi-
nistration for experimental animals. 
The following are the results of micro-histochemical studies in various organs. 
Injected fat corpuscles left the blood stream within 30 minutes and were phagocy-
tized by the alveolar phagocytes in the lung, KuPFFER’s stellate cels in the liver and 
reticuloendothelial cells in the spleen, and then changed from glyceride to phospho-
lipid in these cels. The phospholipid was shifted to the parenchymal cells in the 
liver, and it was found that the amount of phospholipids changed according to the 
kind of fatty acid. When cod liver oil, containing a large amount of highly m泊・
turated fatty acid, docosenoic acid and eicosenoic acid, or butter, containing lower 
fatty acids, were given, much larger amounts of phospholipids were found in the 
parenchymal cells of the liver, than in case of se踊 meoil, which contains nothing 
but higher saturated fatty acids, oleic acid and the essential fatty acids. 
3058 日本外科宝函第28巻第8号
These facts were confirmed b.¥' the experiments of our colleagues SmROTANI and 
FunNo using radioactive P1", :rnd KuYAMA’s research on the biochemical changes of 
phospholipid content in various organs. ToBE, in our laboratory, recently performed 
the following exp己rimenton the lower fatty acids. 
An emulsion of a synthetic simple glyceride mixture, containing equal amounts 
of tricaproin, tricapr_¥'lin and tricaprin, was made, and injected into cats intra-
venous!.¥・ Three hours later the cats were sacrificed and the fatty acid content of their 
various organs, which seemed to have a close relationship to the fat metabolism, 
such as liver, kiclm;.¥・, lung and heart, were analyzed. It was found that these lower 
fatty acids had shifte〔lonlγto the liver, and not at al to other organs. Considering 
from these experiments, it seems that most of the highly unsaturated fatty acid, 
docosenoic acid, eicosenoic acid and lower fat.¥・ acids are shifted to the liver. On 
the contrary common higher fat.¥・ acids and essential fatty acids seem to be shifted 
not onl.＼’ to the liver but also to various extrahepatic organs and undergo further 
metabolism. At this point, the exr児rimentalresults of this stud：＞’ have confirmed 
these facts. 
After the administration of cod liver oil for a long time, an accumulation of 
highly unsaturated fatty acid, docosenoic acid and eicosenoic acid was distinctly 
found in the liver. On the contrary the amounts of these fatty acids, transporting 
to d句。tfat, were extremel~’ less than the amounts of other fatt.＼’ acids. And at 
the same time, after the administration of butter, the lower fattv acids were not 
deposited in d句otfat at al. 
The lower fatty acids, which were shifted only to the liver, as shown directly 
by TOBE’s experiment and indirectly by AsADA, and IzuKURA’s experiments, ¥'ere 
not found at al in the liver 12 hours after feeding, which may be clearly explained 
by considering that these fatty acids were rapidly oxidized and burned after shifting 
to the liver. 
A definite selectivit:Jア wasfound for deposition of exogenous fat in depot fat. So 
when large amounts of al the fatty acids were given continuously more than certain 
extent, a certain amount was transported into d句otfat, b.vア exceedingthe threshold 
level of the liver. On the contrar_yァ itis clear that when 民団meoil, containing 
none of these fatty acids, was administered, even if it was given in large amounts 
continuously for one month, the liver did not incur any injury, and the rest were 
transported smoothly into d句ot fat and stored there, in preparation for further 
mobilization. 
Formerly many attempts have been made to divide the d句otfat of a certain 
animal according to its location or kind, and study the differances of each one. 
HENRIQUES and HAUSEN (1901) have compared the iodine value and melting point 
of the fat of various animals according to its location, and have pointed out that 
fat in the superficial la.＼℃rs of adipose tis日UC~号 is less saturated and has a lower 
melting point than in deep layers in the bod.v・. But, at the same time, this difer-
ence has been found to be distinct in big animals, such as horse, sheep or camel, 
while it is slight in small animalぉsuchas dog or rabbit. Then it is considered to 
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be no mistake that di百erenceswere not found in the author’s experiment using rats. 
Brown fat is one of the adipose tissues which is brown colored and widely 
located in the neck, scapular, axillar and paraaortic regions and around the thymus 
gland, kidney and genital organs. 
Much attention has been given to it, since it was named “hibernating gland" 
by RASMUSSEN (1924), because it well developed in hibernating animals, and BuscH-
MAN, HoEPKE and NIKOLAUS have agreed with it. But recently many interesting 
facts have been found by various investigators. 
To ScHAEFFER and FEYRTER it seemed ぉ oneof the phagocytic organs, and 
WENDT and HooK presumed it to be one of the hormonal organs, because decrease 
of basal metabolism was brought about by administration of brown fat extract. 
And metabolism was found 加 bemore accelerated in brown fat than in white 
fat. This was concluded from the state of fat corpuscles and distribution of blood 
vessels by FA wcETT, from the conversion rate of radioactive P3" by LITTREL and 
MARTIN and from observation of oxygen consumption by HooK and BARRON. Also 
investigation of the components of both adipose tissues has been done by many 
investigators. Brown fat is richer in cholesterol than white fat by study of CRAMER, 
and richer in glycogen and female hormone according to a study by HooKINs and 
SwEET. Furthermore brown fat is richer in glycogen, c~·tochrome, cytochrome-oxidase, 
ascorbic acid, diphosphothiamine, carboxyl group, plasmalogen, cholesterol, phospho-
lipid, acetal dehydrogenase and esterase according句 astudy by FAWCETT. 
w EGENER reported“brown lipom”in man, and HAUSBERGER concluded that 
brown fat is a premature stage of white fat, according to findings in the embryonal 
stadium. 
But recently experiments using the glucose labeled with C14 have considered it 
an important place for synthesizing glucose to fat. In this study it seems to be no 
distinct difference between the two adipose tissues by analysis of the fatty acid 
composition. But a lower content of neutral fat in brown fat shows indirectly to 
be rich in other components, and few changes of the brown fat ratio to the volume 
of the旬胞lbody weight seems to have some meanings. 
When the fact that the iodine value of brown fat has a tendencyァtobe less 
than that of white fat, is considered in agreement with the many opinions that 
the newly synthesized fat, not having the e首ectof a desaturating enzyme, is more 
highly saturated, one evidence seems to be given to the theory that brown fat is 
the synthesizing place from glucose句 fat. But further investigations using another 
method should be made in order to clarify the essential differences between both 
adipose tissues and 句 knowthe true nature of brown fat. 
When the animals are on the verge of starvation, in the early stages glycogen 
is consumed as a source of energy. After that fat mobilization from d句otfat 加
liver is accelerated, because at this stage life is maintained chiefly by burning 
protein and fat. And if starvation continues for a long time the amount of d句ot
fat in the animal body is greatly decreased, but even if the animal starves to death 
a great amount of fat can be stil found in al the body tissues. Considering these 
f配ts,it is clear that there are two kinds of fat in the living body, one of them is 
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a constant element, playing the role as an essential composing factor of organic 
substance and not suffering from the influence of the nutritional status, and the 
other is a variable element, alternating widely according to the nutritional status 
of the IJOcl~ － and being used for the production of energγ． 
The word “liver fat”has many meanings, one of which is that plays the role 
as a constant element, while another is that plays as a variable elements, so one 
cannot treat liver fat simpbア and indiscriminately. But if after consider恒gthese 
facts SU田cientlyexperiments are performed, as SHAPIRO mentioned, the nature of 
liver fat maγbe one of the indicators, representing a state of fat deposition and 
mobilization. Previously definite selectivities on deposition of exogenous fat in depot 
fat and the liver were clarified, and further in order to do research on whether any 
selectivity on mobilization of depot fat as a variable element to the liver exists or 
not and what kind of fatt~－ acid is most easily mobilized, the composition of the 
liver fat in the state of various experimental fatty livers was anal~γzed. Of course, 
there are many causes of fatt>' liver and many opinions have been mentioned about 
the etiology of fatt>-liver, but it may be thought that diabetic fatty liver following 
total pancreatectomy or fat infiltrations following acute hepatic injury by toxic 
substances, were chiefly caused by mobilization of d句otfat. Actually according to 
the results of my experiments at this point, the liver fat composition of a fatty 
liver distinctly resembles the composition of d句。tfat, and it is sufficiently suggested 
that such mechanism is able加 performin a living body as above mentiond. And 
in a slight fatty liver, onb’fat infiltration, accumulation of oleic acid and hexade-
cenoic acid are most remarkable, but in a typical fatty liver, the app伺 ranceof !auric 
acid and an increase of higher saturated acid with a relative decrease of highly 
unsaturated acid are shown. The fact that in essential fatty acids, such as linoleic 
acid or linolenic acid, no remarkable changes are found, suggests their role as a 
constant element. These mechanisms are also clear on the point of iodine value 
changes. In the initial stage of a fattv liver a remarkable decrease of iodine value 
is not found, because the increase of oleic acid and hexadecenoic acid is in balance 
with the decrease of highlyア unsaturatedacid, but in the latter stages a distinct 
decrease in iodine value is shown by accumulations of higher saturated fatty acids 
and a decrease of highly unsaturated acid. 
Finally the meanings of my analytic results of the adrenal body, should not be 
conclusive without many further investigations and examinations. But at least it is 
clear that the adrenal bod>・ contains a large amount of fat, and that fat consists chiefly 
of cholesterol and essential fatty acids. C‘onsidering the fact that cholesterol can be 
synthesized in a living body but on the contra1">-essential fatty acids are not synthesi-
zed, the important problem will rest in the future with the problem of adrenocortical 
function. 
VI. SUMMARY AND CONCLUSION 
These experiments have been performed for the purpose of studying what 
kinds of fat are most e汀ectivcly and rationallv administered to a living body, 
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depending upon the investigations of what effects various kinds of exogenously 
administered fat have on d句otfat and what mechanisms are involved in the fat 
mobilization from d句ot fat. At first, differences between various locations and 
kinds of adipose tissues (white fat and brown fat) were examined. Then animals 
were given di百crentkinds of food, containing various natural oils or synthetic gly-
cerides. The fatty acid compositions of these oil were previously known 1乃Fanalysis. 
And after keeping the animals for one month they were sacrificed, and the neutraliza-
tion value and iodine value of d句otfat and liver fat were determined, and chromato-
graphic analy’sis was done at the same time. The analy呂isof the fatty liver of 
the dog following total panc1℃catectomy and anal~’sis of fat in白ltration in the liver 
in acute hepatic injur》＇caused by CCI 1 and ethionine administration, was also done. 
On the other hand, the fatty acid composition of the adrenal gland of a normal 
dog was also analyzed, considering the fact that the various functions of fat or 
essential fatty acid for living body may be performed through adrenocortical 
hormone. 
The following conclusions were obtained : 
A) According to the analysis of various natural oils, it was con白rmed that 
butter contains lower fatty acids, such as butyric acid, caproic acid, caprylic acid 
and capric acid to certain extent, and that cod liver oil contains highly unsaturated 
fatty acids, docosenoic acid and eicosenoic acid. On the contran・ these fatty acids 
are not found in sesame oil but common higher saturated fatty acids, oleic acid and 
essential fatty acids are its chief components. 
B) Regarding the increase of body weight, the se回meoil diet group was the 
most excellent. Also the ratio of d句otfat weight to total body weight showed the 
highest value in the 民間meoil diet group. 
C) About brown fat, it was presumed that it is not simple d句otfat, since 
brown fat showed constant location and contained les neutral fat than white fat 
and the iodine value of brown fat had a tendency to be less than that of white fat. 
But nothing could be concluded about the nature of brown fat, because its chroma-
togram had no speciality. Also there were no characteristic e百ectsfrom the admini-
stration of various exogenous fats. 
D) A di町erencein the composition of white fat in the various locations was 
not found by these analyzing method. 
E）じhiefcomponents of normal d句otfat were common higher saturated acids 
such as lauric, myristic, palmitic and stearic acid and unsaturated acids such as oleic, 
hexadecenoic, linoleic and linolenic acid. On the contrary itwas remarkable that in 
liver fat lauric acid was Jess than in d句。tfat, and it contained a considerable 
amount of high！：＼・ unsaturatedfatt~· acid. 
F) In the depot fat of rats, feeding on the butter diet, an increase of lauric 
acid was found but lower fatty acids les than C10 were not found at al. 
However, when large amounts of a synthetic simple glyceride mixture of lower 
fatty acids was given continuously, even Jowc1・ fatt~’ acids (such as those 10¥ver 
than Cro) were deposited in depot fat. At the same time, these lower fatty acids 
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were not found in liver fat at all 12 hours after feeding. 
G) When the animals were fed on a cod liver oil diet, an accumulation of 
highly unsaturated fatty acids. docosenoic acid and eicosenoic acid was found in the 
liver, but deposition of these fatt~· acids in depot fat was extremely slight. 
H) ＼アhenthe animals vcre fed on the sesame oil diet, no change w出 noted
in the composition of depot fat and liver fat. 
As shown in F) G) and H), there is a definite selectivit~ー in the deposition of 
exogenously administered fat in the depot fat. The highly unsaturat€d fattj・acid,
docosenoic acid, eicosenoic acid and lower fatty acids seem目白imposea heav~· burden on 
the li¥・cr and are not transported smoothbr in加 d句otfat, so it is desirable to select 
oils, containing as small amount of these fatt；，ア acidsas possible, when fat is 
administered into a living body. 
I) According to the analysis of a diabetic fattγliver following total pancrea” 
tectom~＇ and fat infiltration in the liver in acute hepatic injury caused by CCl1 or 
ethionine administration, it was clarified that the fatt~· acid composition of liver fat 
resembles that of depot fat. 
J) There is a certain order in the mobilization of depot fat. It s田msthat 
oleic acid and hexadecenoic acid are mobilized first, then !auric acid and other com・
mon saturated fat>・ acids follow. 
K) The adrenal gland contained a greater amount of fat than the other 
parenchymatous organs, and besides cholesterol, the chief components of the fat were 
oleic acid and the so-called essential fatty acids, such as linoleic acid, linolenic acid 
and arachidonic acid. This is an interesting fact, suggesting the important role of 
adrenocortical hormones in connection with the various functions of fat to the living 
bocl.v or important nutritious meanings of essential fattv acids, which have been 
previously knmYn. 
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his helpful suggestions and kind guidance in the course of this work. Grateful thanks are also 
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mix tare を合成してF 大量に且つ持続して投与すれ
ばy C10以下の低級脂酸でもp 貯蔵脂肪中に沈着され
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Fig・. 1 Chromatogram of fatty acid in sesame oil, 
cod liver oil and synthetic triglyceride mixture 
Fig・. 2 Chromatogram of fatty 
acid in butter 
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Fig. 7 Chromatogram of fatty acid in 、ariousadip:>se tissues and 
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Fig. 12 Chromatogram of fatty acid in d句otfat and liver in lower fatty acids diet group 
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Fig・. 13 Chromatogram of fatty acid in fatty 






























S : Sample (saturated acids of eYen number> 
S' : Sample !Oleic acid and eicosenoic acid) 
N-Liぃer: normal liYer 
F-Li、＜＇r: fatty liver 
Fig・. 14 Chromatogram of fatty acid 
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Fig. 15 Chromato邑cramof fatty acid in liver 
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Fig. H~ Ch,romll,togram of fatty acid in li＼明、



































Fig. 17 Chromatogram of fatty acid in 
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11) 副腎の脂肪含有量はp 他の実質臓器に比して非 ては不可欠脂酸の栄養学的意義に関してp 副腎皮質ホ
常に多く p 而もその脂肪の主成分をなすものはp コレ ルモンの占める役割の重要性を示唆する興味ある事実
ステロールを除けばp オレイン酸及びリノール酸，リ である．
